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OUTLINE

 In this short course, we will address the following 

topics

 Two-phase flows hydrodynamics and pressure drop of 

evaporating and condensing flows

 Homogeneous Equilibrium Model

 Separated Flow Model

 Two-phase flows heat transfer and heat transfer coefficients 

predictions in evaporating and condensing flow

 Homogeneous Equilibrium Model

 Separated Flow Model

 This short course focuses on calculation methods for 

two phase pressure drop and heat transfer 
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TWO-PHASE SEPARATED FLOWS-BOILING

 Depiction of  
Convective Boiling 
Dominant Heat 
Transfer and 
Nucleate Boiling 
Dominant heat 
Transfer
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 

CONDENSING FLOWS 

 One Dimensional Two Phase Flow

 Definitions of Two-Phase Flow Parameters

 Area

 Flow Rates
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Phase Velocity

 Void Fraction
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Flow Quality


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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Calculation of Void Fraction from Flow Quality
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Density of Mixture 

August 4-August 8, 2014TFAWS- 2014, Cleveland OH 9



NASA-Glenn Research Center Fluid Systems and Cryogenics g Fluids and Transport Processes

HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Calculation of Average Density of Mixture
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Two Phase Flow Regime in a Heated Tube
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Homogeneous Two-Phase Equilibrium Model
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 One Dimensional Conservation of  Mass, Momentum 

and Energy

 Conservation of Mass
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Conservation of Momentum
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Conservation of Energy
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Assumptions
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Observations
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Solution
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Cases
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Uniformly heated Circular Tube

 Finding the z location where the thermodynamic quality 

𝑥𝑒 = 0 𝑎𝑛𝑑 𝑥𝑒 = 1
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Uniformly heated Circular Tube

 Finding  x(z), α(z), u(z)
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 


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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Finding xe[z] and the 

z location where the 

thermodynamic 

quality 𝑥𝑒 =
0 𝑎𝑛𝑑 𝑥𝑒 = 1

 Finding xe[L] 

 Finding x[z] based 

on xe[z], and finding 

x'[z]
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Pressure Drop in Two Phase Homogeneous 

Equilibrium Model

August 4-August 8, 2014TFAWS- 2014, Cleveland OH 24



NASA-Glenn Research Center Fluid Systems and Cryogenics g Fluids and Transport Processes

HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Frictional 
Pressure Drop

 Acceleration 
Pressure Drop

 Pressure Drop 
due to Gravity
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Observations
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Two-phase Friction Factor
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Pressure Drop Calculations/Constant Two-Phase Friction 

Factor

 Pressure Drop Calculations/Using Two-Phase Viscosity 

Models
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 


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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Total Pressure Drop
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 
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 Cases Using the Homogenous Equilibrium Model
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Pressure Drop in Separated Flows-Slip Flow Model 
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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PRESSURE DROP IN SEPARATED FLOWS

Pressure Drop in Separated Flows-Lockhart-Martinelli's

Approach for Adiabatic Flows
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS

Pressure Drop in Separated Flows-SFM with Mudawar's

Universal Evaporating Flows Correlation
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS

August 4-August 8, 2014TFAWS- 2014, Cleveland OH 58



NASA-Glenn Research Center Fluid Systems and Cryogenics g Fluids and Transport Processes

PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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Boiling and Condensation Heat Transfer
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BOILING AND CONDENSATION HEAT TRANSFER

 Pool Boiling
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BOILING AND CONDENSATION HEAT TRANSFER

 Pool Boiling 
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BOILING AND CONDENSATION HEAT TRANSFER

 Pool Boiling
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BOILING AND CONDENSATION HEAT TRANSFER

 Nucleate Boiling  
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BOILING AND CONDENSATION HEAT TRANSFER

 Nucleate Boiling  
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BOILING AND CONDENSATION HEAT TRANSFER

 Pool Boiling Critical Heat Flux
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BOILING AND CONDENSATION HEAT TRANSFER

 Heater Burnout in Microgravity
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Heat Transfer 
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FLOW BOILING

 Depiction of  
Convective Boiling 
Dominant Heat 
Transfer and 
Nucleate Boiling 
Dominant heat 
Transfer
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Heat Transfer 
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Heat Transfer   
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Heat Transfer   
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Heat Transfer   
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 Flow Boiling Heat Transfer 

 Flow Boiling Heat Transfer in Subcooled Region 

xe<.05
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 Flow Boiling Heat Transfer 
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 Flow Boiling Heat Transfer 
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Heat Transfer 
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Heat Transfer 
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FLOW BOILING HEAT TRANSFER

 Examples of  Flow Boiling Heat Transfer Coefficient 

Prediction
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Heat Transfer 
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Heat Transfer 
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Heat Transfer 
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Heat Transfer 

August 4-August 8, 2014TFAWS- 2014, Cleveland OH 88



NASA-Glenn Research Center Fluid Systems and Cryogenics g Fluids and Transport Processes

FLOW BOILING HEAT TRANSFER

 Flow Boiling Critical Heat Flux (CHF)
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Critical Heat Flux (CHF)

August 4-August 8, 2014TFAWS- 2014, Cleveland OH 90



NASA-Glenn Research Center Fluid Systems and Cryogenics g Fluids and Transport Processes

FLOW BOILING HEAT TRANSFER

 Flow Boiling Critical Heat Flux (CHF)
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Critical Heat Flux (CHF)
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Critical Heat Flux (CHF)
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FLOW BOILING HEAT TRANSFER

 Flow Boiling Critical Heat Flux (CHF)
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FLOW BOILING HEAT TRANSFER

 Examples of  Flow Boiling Critical Heat Flux 

Prediction
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FLOW BOILING HEAT TRANSFER

 Flow Boiling CTH   
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FLOW BOILING HEAT TRANSFER

 Flow Boiling CTH   
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FLOW BOILING HEAT TRANSFER

 Flow Boiling CTH  
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FLOW CONDENSATION HEAT TRANSFER

 Heat Transfer Coefficients for Condensation in Tubes
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FLOW CONDENSATION HEAT TRANSFER

 Flow Condensation Heat Transfer 
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FLOW CONDENSATION HEAT TRANSFER

 Flow Condensation Heat Transfer
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FLOW CONDENSATION HEAT TRANSFER

 Flow Condensation Heat Transfer
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FLOW CONDENSATION HEAT TRANSFER

 Flow Condensation Heat Transfer
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FLOW CONDENSATION HEAT TRANSFER

 Flow Condensation Heat Transfer
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FLOW CONDENSATION HEAT TRANSFER

 Course End

August 4-August 8, 2014TFAWS- 2014, Cleveland OH 105


